Abstract: Impulsive behaviors are common in brain-damaged patients including those with neurodegenerative diseases such as Alzheimer disease (AD). The objective of this study was to develop and validate a short version of the UPPS Impulsive Behavior Scale assessing changes on 4 different dimensions of impulsivity, namely urgency, (lack of) premeditation, (lack of) perseverance, and sensation seeking, arising in the course of a neurodegenerative disease. To this end, caregivers of 83 probable AD patients completed a short questionnaire adapted from the UPPS Impulsive Behavior Scale. Exploratory and confirmatory factor analyses of the data were performed and revealed that a model with 4 distinct but related latent variables corresponding to 4 different dimensions of impulsivity fit the data best. Furthermore, the results showed that lack of perseverance, followed by lack of premeditation and urgency, increased after the onset of the disease, whereas sensation seeking decreased. Overall, the multifaceted nature of impulsivity was confirmed in a sample of AD patients, whose caregivers reported significant changes regarding each facet of impulsivity. Consequently, the short version of the UPPS Impulsive Behavior Scale opens up interesting prospects for a better comprehension of behavioral symptoms of dementia.
I
mpulsive behaviors are common in brain-damaged patients including those with neurodegenerative diseases such as Alzheimer disease (AD). 1 However, behaviors considered to be impulsive are probably very heterogeneous. Indeed, some authors have recently underscored the need to consider impulsivity as a multifaceted construct. 2 From this perspective, Whiteside and Lynam 3 administered several widely used measures of impulsivity and the Revised NEO Personality Inventory 4 to 437 undergraduate students. A factor analysis conducted on these impulsivity scales and on the facets of the Revised NEO Personality Inventory related to impulsivity resulted in a 4-factor solution. Whiteside and Lynam 3 identified 4 components of impulsivity labeled urgency (''the tendency to experience strong reactions, frequently under conditions of negative affects''), (lack of) premeditation (''the tendency to think and reflect on the consequences of an act before engaging in that act''), (lack of) perseverance (''the ability to remain focused on a task that may be boring or difficult''), and sensation seeking (''the tendency to enjoy and pursue activities that are exciting and openness to trying new experiences''). Then they selected the items with the highest loadings on each factor to create the UPPS Impulsive Behavior Scale, which seems to have fair internal consistency. 3 A recent study supports the construct validity of these 4 impulsivityrelated traits by demonstrating that (i) individuals with borderline personality disorders, pathologic gambling, or alcohol abuse with antisocial personality disorders had different profiles on the subscales of the UPPS and had higher levels of impulsivity than control participants, particularly on the urgency, lack of premeditation, and sensation-seeking subscales; (ii) the UPPS subscales, and more specifically urgency and sensation seeking, were able to adequately discriminate the clinical from control groups by using a discriminant function analysis; and (iii) the UPPS subscales account for a significant portion of the variance in various problematic behaviors, such as borderline personality disorders or pathologic gambling. 5 Moreover, by using a semistructured interview assessment of each of the 4 factors of impulsivity in addition to the UPPS Impulsive Behavior scale, Smith et al 6 found a clear convergent and discriminant validity among these constructs. Finally, this scale has recently been translated and validated in French using a confirmatory factor analysis in a sample of undergraduate students. 7 This multifaceted approach to impulsivity should enable a better comprehension of impulsive behaviors occurring during the course of a neurodegenerative disease. Consequently, the objective of the study was to develop and evaluate the factor structure and internal reliability of a short questionnaire adapted from the French version of the UPPS Impulsive Behavior Scale and specifically designed to assess impulsivity changes in AD patients.
METHODS
Eighty-three patients (28 A close relative of each patient was given a short version of the UPPS Impulsive Behavior Scale. Among the persons who completed the questionnaire, 53.01% were spouses or husbands, 42.17% were adult children, 2.41% were siblings, and the remaining 2.42% were cousins, and a nurse's aide. On the basis of the French version of this questionnaire, 7 we selected the 4 items that loaded most strongly on each of the 4 factors of this scale. Items concerning extreme sports (related to the sensationseeking dimension) were not considered. Thus, this short version of the UPPS Impulsive Behavior Scale contains 16 items (4/factor). These 16 items were then adapted and transformed so that the patients' relatives could assess impulsivity changes occurring in AD. Caregivers had to assess these changes on a 5-point Likert scale (from À 2 ''much less than 10 years ago'' to +2 ''much more than 10 years ago''), where higher scores indicate stronger changes in impulsivity (eg, ''When he/she is upset, he/she acts without thinking''). Both wording and change scores for items referring to lack of premeditation and lack of perseverance are reversed (see questionnaire, Appendix). The use of a ''10 years ago'' baseline seems to be an appropriate means of assessing behavioral changes in AD. Indeed, contrary to other neurologic conditions such as traumatic brain injury or stroke, where there is a relatively clear boundary between the premorbid and the current condition, AD is characterized by an insidious onset and a slow progression. Therefore, assessing behavioral changes occurring in AD by comparing the premorbid condition to the current condition is problematic because knowing when the disease really began is too speculative. Thus, in our view, the ''10 years ago'' baseline offers an interesting alternative for assessing changes in impulsivity without directly comparing a premorbid to a current condition. Moreover, this way of assessing behavioral changes is congruent with a very widely used scale designed to assess cognitive decline in elderly subjects, namely the Informant Questionnaire on Cognitive Decline in the Elderly (IQCODE).
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Statistical Analyses
The number of factors to extract was determined by a Velicer's minimum average partial (MAP) test performed on the correlation matrix. 13 The correlation matrix was then analyzed with an exploratory factor analysis; finally, a confirmatory analysis was computed with Mplus. 14 Missing data were handled with the method provided by Mplus. Goodness-of-fit was tested with the w 2 (a nonsignificant value corresponds to an acceptable fit). However, the w 2 is known to increase with sample size, and some authors have noticed that it is unusual to obtain nonsignificant w 2 values when performing confirmatory factor analyses on self-report questionnaires. 15 Consequently, in addition to the w 2 , 2 other indices that depend on a conventional cut-off 16 were also computed: the root mean square error of approximation (RMSEA) and the standardized root mean square residual (SRMR). The combination of these two indices is valuable because the RMSEA is sensitive to the misspecification of the factor ''loadings'' and the SRMR is sensitive to the misspecification of the factor ''covariances.'' An RMSEA between 0 and 0.05 indicates a good fit and between 0.05 and 0.08 an acceptable fit. An SRMR between 0 and 0.05 indicates a good fit and between 0.05 and 0.10 an acceptable fit. 17 We also reported the comparative fit index (CFI). A CFI >0.90 is generally interpreted as indicating an acceptable fit. In addition to these overall fit indices, comparative fit indices were also used to compare nested models. To this end, a software application (FITMOD) that provides point and interval estimates for RMSEA differences 18 was used. Finally, parametric correlations were computed to investigate the relationships between the 4 dimensions of impulsivity, age and overall cognitive functioning assessed by the MMSE and the DRS.
RESULTS
Of the 83 patients, 10 had one item or more with missing values. The Cronbach's as calculated for participants with no missing values were 0.75 for urgency, 0.80 for lack of premeditation, 0.95 for lack of perseverance, and 0.85 for sensation seeking. These indices indicate that all the 4 subscales have good to very good internal reliability. A MAP test 13 recommended extracting 4 factors. A factor analysis was then performed, with a promax rotation applied to allow correlations among factors. The maximum loading of each item was found on the predicted factor, except for item 6 which loaded more on the lack of perseverance factor. The maximum loading of each item was greater than 0.30, except for item 6 ( Table 1 ). The sums of the squared loadings were 7.06, 1.94, 1.51, and 1.08. The 4 factors account for 72.41% of the total variance. Lack of perseverance explained 44.10% of the total variance, sensation seeking 12.14%, urgency 9.41%, and lack of premeditation 6.76%. A confirmatory factor analysis was then performed on the 16 items of this short version of the UPPS Impulsive Behavior Scale completed by the relatives. To define a model with 4 related dimensions of impulsivity, the 4 latent variables were allowed to correlate. The w 2 was significant, w 2 (98) = 124.50, P<0.05 (model 1, Table 2 ). For the other fit indices, Table 2 ). The RMSEA, the SRMR, and CFI showed that these models did not fit the data (Table 2) . Comparisons between the RMSEA of the 3 different nested models indicated that model 1 (4 correlated latent factors) is better than model 2 (1 latent factor) or model 3 (4 independent latent factors); this shows that model 1 is not equal in efficiency and is not closed to the other 2 models (see Table 2 for the absolute fit indices). The reliability of each latent factor was calculated on model 1 with the formula reported by Raines-Eudy. 19 Reliability was equal to 0.95 for lack of perseverance, 0.86 for sensation seeking, 0.80 for lack of premeditation, and 0.74 for urgency (see diagonal of Table 3 ). These values are comparable to Cronbach's a and indicated that the 2 latent factors of model 1 have excellent internal reliability (lack of perseverance and sensation seeking), whereas the other 2 factors have acceptable internal reliability (lack of premeditation and urgency).
Impulsivity Changes in AD Patients
An increase in impulsivity is observed on 3 of the 4 dimensions: the greatest changes concern lack of perseverance, M = 2.32, SD = 4.58, 95% confidence interval (CI) = (1.31-3.33), followed by lack of premeditation, M = 1.42, SD = 4.20, 95% CI = (0.48-2.37), and urgency, M = 0.88, SD = 3.87, 95% CI = (0.01-1.76); however, a decrease in impulsivity is observed on the sensation-seeking dimension, M = À 2.24, SD = 4.00, 95% CI = ( À 3.14-À 1.34). The absence of 0 in the confidence interval indicates that the changes on the 4 dimensions of impulsivity are significant in all cases.
Correlation Analyses
Correlations (Table 4) revealed that age was not related to any dimension of impulsivity. Furthermore, the only significant correlation between the cognitive variables and changes in impulsivity was found between the MMSE and sensation seeking (r = 0.30). In addition, it seems that 3 dimensions of impulsivity, namely lack of perseverance, lack of premeditation and urgency, significantly correlated with one another, whereas they were negatively correlated with the sensation-seeking dimension (Table 3) .
DISCUSSION
As a first step toward a better understanding of impulsivity in AD, we developed a short version of the UPPS Impulsive Behavior Scale. The results showed that (i) the multifaceted nature of impulsivity was confirmed in a sample of AD patients, and (ii) this scale possesses satisfying internal reliability. Thus, these results open up interesting prospects for a better comprehension and assessment of behavioral symptoms of dementia. More specifically, they highlighted a significant increase in impulsivity on 3 of the 4 dimensions of the UPPS (urgency, lack of perseverance, and lack of premeditation) in the course of the disease, whereas a decrease is observed in sensation seeking. Furthermore, age was not related to any of the 4 dimensions of impulsivity. We must now consider the processes that may have led to the impulsivity changes observed in AD patients.
First, one striking result is the absence of significant correlations between 3 dimensions of impulsivity (urgency, lack of perseverance, and lack of premeditation) 20 recently proposed that these 3 components of impulsivity are related to specific mechanisms, such as inhibition capacities or decision-making processes. Consequently, our results suggest that changes in these three dimensions of impulsivity seem to depend on specific mechanisms that are not assessed by the MMSE and DRS. Along the same lines, the lack of association between the initiation/perseveration subscale of the DRS (usually considered as an executive measure) and these 3 dimensions of impulsivity is not surprising when one considers that the processes measured by this subscale of the DRS essentially comprise semantic fluency tasks (worth 30 out of 37 points on this subscale). Indeed, a recent meta-analysis highlighted the fact that AD patients' semantic fluency performances may depend on the integrity of the semantic system and on various executive processes. 21 Consequently, because of the multidetermined processes that affect verbal fluency, the initiation/perseveration subscale of the DRS may not be suited to assess the specific executive processes underlying the urgency, lack of premeditation, or lack of perseverance components of impulsivity.
Another interesting result concerns the reduction observed in the sensation-seeking dimension of impulsivity in AD. Several authors 22, 23 have argued that sensation seeking may refer to the tendency to exaggerate the impact of rewards and underestimate the impact of punishments. Furthermore, it has been shown that increased dopaminergic activity underlies the approach, or appetitive, behavioral tendencies experienced by high sensation seekers. 22 Thus, the reduction in sensation seeking could be associated with the neuropathology observed in AD, and more specifically to the dysfunctions involving the dopamine system. 24 Interestingly, dopaminergic abnormalities have been postulated to be related to a decrease in novelty-seeking leisure in AD. 25 Furthermore, from a neuroanatomical point of view, Martin et al 26 recently demonstrated that, in a sample of 40 young adults, the size of the anterior portion of the right hippocampal gray matter was related to a higher ''experience seeking'' score (the tendency to pursue novel behavioral experiences), a dimension of the sensation seeking scale (SSS form V) developed by Zuckerman et al. 27 Thus, the decline in sensation seeking in AD could hypothetically be related to the loss of hippocampal volume commonly described even in the early phases of the disease. 28 In the same vein, disruptions of the neural system that mediates the processing of novel events (the novelty P3 event-related potential) have been associated with behavioral disengagement and apathy, which are frequently observed in AD. 29 Finally, the positive correlation found between sensation seeking and the MMSE suggests that the decrease in this dimension of impulsivity could be related to the severity of the disease.
Finally, we still have to consider a puzzling result concerning the negative correlations found between 3 of the dimensions of impulsivity (urgency, lack of premeditation, and lack of perseverance) and the fourth, sensation seeking. We have no ready explanation for this result. However, it could be hypothesized that these significant relationships only reveal a degree of covariance owing to, for instance, dopaminergic dysfunctions, which have previously been implicated in both higher-order cognitive impairments (eg, executive dysfunctions) 30 and a decrease in novelty-seeking leisure. 25 The presence of apathy may also explain this pattern of results, at least in part. Indeed, apathy, defined as a reduction in voluntary goal-related behaviors, 31 seems congruent with the observed increase in lack of perseverance and decrease in sensation seeking. More specifically, it could be argued that apathy is related to executive disturbances (eg, difficulties in maintaining and updating goals and subgoals in working memory) and to dysfunctions affecting emotional processes (eg, disruption of the association between affective or emotional signals and ongoing or forthcoming behaviors). 31 The disruptions of these cognitive and affective processes might lead to a reduction in goal-related behaviors which, in turn, could lead to a tendency to abandon difficult or boring tasks (ie, lack of perseverance) or lack of motivation to pursue activities that are exciting (ie, sensation seeking). Consequently, the changes observed in these 2 dimensions of impulsivity might reflect the presence of apathy rather than impulsivity changes per se. However, further studies are clearly needed to elucidate the specific relationships between apathy and impulsivity changes.
These interesting results suggest that the sensationseeking facet of impulsivity may measure different aspects of impulsivity than the other 3 dimensions. More specifically, the results support the hypothesis that impulsivity could be related to 2 different levels of analysis, namely a motivational one (related to ''reward drive'') and an executive one (related to ''rash impulsiveness''). 32 In this context, although it measures a different aspect of impulsivity than the other dimensions, sensation seeking should be further explored to better understand its underlying mechanisms and relationships with other constructs such as apathy.
Finally, the limitation of the study concerns the absence of a premorbid personality estimation. Indeed, without such an estimation, it is impossible to determine (1) the actual magnitude of the personality changes, and (2) if the observed personality changes correspond to an amplification of a preexisting personality characteristic or to a newly manifested dominance of one personality characteristic over another.
To conclude, although AD is characterized by a progressive cognitive decline, behavioral symptoms frequently occur even in the early phases of the disease. 33 The present results suggest that a multifaceted approach to impulsivity could be of interest in understanding these symptoms. However, studies are clearly needed to further explore the validity of this new scale by comparing impulsivity profiles between different clinical populations and control participants; more specifically, the relationships between each dimension of impulsivity and cognitive processes should be investigated using specific laboratory tasks.
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APPENDIX
Sixteen Items of the Short Version of the UPPS Impulsive Behavior Scale (French/English)
